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Complement (C') is believed to play a  role in the resistance of animals to in- 
fectious agents. One line of evidence supporting this contention is derived from 
in vitro experiments,  in which C' plus specific antibody can kill  bacteria,  en- 
hance phagocytosis, and neutralize viruses (1). The existence of animals geneti- 
cally deficient in hemolytic C' provides a  useful tool for the in vivo evaluation 
of the role of C' in immunologic phenomena (2, 3). 
It has  recently been reported  that  in noninbred laboratory-maintained  colonies, 
there are mice which lack hemolytic C', as well as those with C' activity (4-6). At pres- 
ent, there is no information as to the relative proportion of C'-positive and C'-negafive 
mice in wild mouse populations. Although the majority of the inbred strains surveyed 
to date are C'-positive, there are several strains which are C'-negafive (7).  The pres- 
ence or absence of a single C' component in mice is controlled by two alleles acting at 
a  single locus (8). This locus has been designated He, for "hemolytic complement". 
The dominant allele is HO, which when present determines the production of a/3-mi- 
grating serum protein called hO (9). The alternate allele, He  °, apparently produces no 
detectable product (7).  This serum protein system has recently been  reported  under 
another name (10). 
The adventitious recognition of two sublines of mice which are only known to differ 
at the He locus has permitted a study of the He  I gene against a controlled genetic back- 
ground. One subline of the strain,  C57BI/10-H-2-d, called BI0.D2  "new line",  has 
been shown to be homozygous  for the gene Hc  a. Mice of the other subline of the same 
strain, designated BI0.D2 "old line", possess the gene Hc  ° in the homozygous state. 
two sublines differ little as determined by tests of thei  r mutual histocompatibility (l I). 
The FI progeny of the hybrid cross of these two sublines are genotypicaIly Hcl/I-Ic  °, 
and phenotypically C~-positive. 
This paper presents  the results of experiments  designed to determine  if the 
lack of hemolytic C p activity would be detrimental to the mouse when subjected 
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to an experimental infection. A  preliminary report of some of this data has ap- 
peared  (12).  This  study  utilizes  a  common mouse pathogen,  Corynebacterium 
kutscheri, which causes an often fatal pseudotuberculosis  in mice. Pierce-Chase, 
Fauve,  and  Dubos  have  recently  demonstrated  large  strain  differences  in 
susceptibility  to disease caused by this organism  (13).  The  same workers  also 
showed  that  corynebacterial  pseudotuberculosis  could  be  activated  by  the 
hydrocorfisone treatment of mice harboring latent C. kutscheri (14). 
Materials and Methods 
Aniraals.--The  following inbred and random-bred strains of mice were obtained from stocks 
maintained  in  this  department:  two  subllnes  of  C57B1/10-H-2-d,  identified  as  follows-- 
B10.D2/SnTa  "new  line"  (G12F3G6F2G4F15),  and  B10.D2/SnTa  "old  line"  (G12F36); 
progeny of the 17, cross of B10.D2 new and B10.D2 old line; and CF-1 (outbred). All breeder 
pairs were maintained in separate cages and checked at weekly intervals. The strains were 
housed and caxed for in circumstances which were as similar as we could make them. Progeny 
mice were weaned 3 to 4 wk after birth. The adult mice injected with C. kutscheri  were always 
matched as to age and sex. 
C. kutschevi Inoculum.--A culture of this organism was kindly provided by Dr.  Pieree- 
Chase. Prior to each experiment, C. hu~sckeri was passed twice on veal infusion agar, and once 
in veal infusion broth. Appropriate dilutions of a  24 hr broth culture were injected via the 
lateral caudal vein. The organisms were injected in a total volume of 0.2 cc. The dose of orga- 
nisms injected was determined by plate counts done in triplicate of the  10  -4 through  10  -a 
dilutions of the overnight broth culture. The numbers of surviving mice were scored on each 
postinoculation day, up to day 8. 
Hydrocortisone Treatment.--On  day  0  of the experiment,  the lower dorsal area  of each 
mouse was shaved and cleaned with 70% ethanol. Groups of mice were then injected subcu- 
taneousiy with 0.2 or 0.5 cc of a sterile saline suspension (50 mg/mi) of hydrocortisone acetate 
(Cotter Acetate, Upjohn Co., Kalamazoo, Michigan, or Hydrocortone Acetate, Merck, Sharp 
and Dohme, West Point, Pennsylvania). Control mice were injected subcutaneously with 0.2 
or 0.5 cc sterile saline. 
Saline-treated mice were sacrificed upon the death of corresponding hydrocortisone-treated 
mice. The kidneys, livers, lungs, hearts, and spleens of experimental and control mice were 
examined for the macroscopically visible yellow-white nodules characteristic of pseudotubercu- 
iosis caused by infection with C.  k~sched  (13-15).  Impression smears of the above named 
organs were stained and examined for corynebacterial-like microorganisms. 
Portions of the above named organs were minced in Petri dishes using sterile technique, and 
incubated in veal infusion broth for 48 hr at 37°C (13). Aliquots of the broth cultures were then 
streaked  on veal infusion agsr and  incubated  overnight at 37°C.  Gram-stained  smears  of 
isolated colonies  were examined microscopically. Identification of organisms as C. ku4scheri 
rested on colony morphology and  microscopic appearance,  and upon  more exhaustive bio- 
chemical study of a few representative isolates. 
Overnight cultures of C.  l~tscheri were washed  twice at 4°C  in veronal-buffered saline 
(VBS), pH 7.4, to which 0.1% gelatin had been added (16). The washed organisms were sus- 
pended in 2 mi fresh veal infusion broth containing 0.1% glucose to which 30 to 50 ~c of 
chromium (Rachromate, Abbott Laboratories, North Chicago, Illinois) in isotonic saline were 
added. This mixture was allowed to shake for  1 hr at room temperature on a  wrist action 
shaker. The chromium-labeled organisms were then washed three to five times with VBS at 
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two successive washes. Prior to injection, the washed sedimented C. kutschcri  were suspended 
in about 1 ml of VBS. 
Guinea pig erythrocytes obtained by cardiac puncture and stored in Alsever's solution were 
labeled with radioactive chromium in essentially the same manner as described above. The 
procedure  differed in  that  the suspending medium for chromium-labding  was  2 ml fresh 
Alsever's solution. 20 #c of chromium were used per 0.1 cc of packed erythrocytes. The washed 
labeled erythrocytes were adjusted to a 2.5% suspension (v/v) in VBS prior to injection. 
Cl~rance St~d/es.--Mice  were injected via the lateral  caudal vein with the C. kutscho'i 
suspension (0.1 ml  per 2 g body weight). Each injected  dose contained  4000 to 4500 cP% 
depending on the weight of the mouse. 20 to 30 rain after the injection of the organisms, the 
mice were sacrificed with ether. The fiver, lungs, spleen, and kidneys were removed, rinsed in 
water, and counted in a well type scintillation counter. At least 1000 counts were accumulated 
for each organ. Essentially the same procedure was used for evaluating the sequestration  of 
intravenously  injected  chrominm-labeled guinea pig erythrocytes.  The doses injected  con- 
tained 32,000 to 80,000 cPg. 
RESULTS 
Survival  of Mice following  Injections  of C.  kutsckeri.--Various  doses of C. 
kutsckeri  were injected  into B10.D2  "new line",  B10.D2  "old fine",  "new  X 
old" hybrid,  and  CF-1 mice in order to determine  their  susceptibility to the 
pseudotuberculosls  caused by this  organism.  Table  I  shows the  rates  of sur- 
vival of C'-positive and  C'-negative mice following the intravenous  injection 
of different doses of C. kulsckeri.  Since there was no difference in the data ob- 
tained with the new X  old hybrid C'-positive mice and the new line C'-positive 
mice, the two groups were combined for tabulation. As the number of organisms 
injected was increased from 106 to 106, the death rate increased.  The C'-posi- 
tive mice consistently had a  higher rate of survival than  did the  C'-negative 
mice. At higher doses than those shown, 100 %  of both C'-positive and C'-neg- 
ative mice were rapidly killed. 
Both the new line and old line mice fell into the relatively resistant category 
described by Pierce-Chase  et  al. The protective effect which we suggest is  at- 
tributable to the difference in C' in the two lines was only evident when larger 
doses of C. kntsckeri  were used than that employed to divide inbred mice into 
either "resistant" or "susceptible"  categories (12). 
Survival of Mice following Activation of Corynebacterial pseudotuberculosis by 
Treatment  with Hydrocortisone.--Since  resistance to injected C. kutsckeri  is de- 
pendent upon the presence of that organism in the latent state within the host 
(13,  14),  it  was suspected  that  both  B10.D2  sublines  were carriers  of  latent 
C. kutsckeri.  In order to test that hypothesis,  B10.D2 mice were treated  with 
hydrocorfisone, which has been shown to activate latent C. kutsckeri and there- 
by to induce pseudotuberculosis  (14). Saline-treated control mice were also ex- 
amined for the presence of C. kutscheri, although it is isolated with  difficulty 
from mice carrying it in the latent form (13, 14). It was also of interest to deter- 
mine if the presence of hemolytic C' would retard the activation or severity of 
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Table II shows the rates of survival of C'-positive and C'-negative mice fol- 
lowing a single subcutaneous injection of hydrocortisone or saline on day 0. With 
25  mg  hydrocortisone,  the  extent  and  rate  of  death  was  greater  than  that 
which occurred with 10 mg hydrocortisone. There was essentially no difference 
in the rates of death from corynebacterial pseudotuberculosis between CP-posi  - 
tive and C'-negative mice, at either of the doses of hydrocortisone used. Saline 
produced little effect. 
TABLE I 
The Effect of Hemolytic C' on the Rate of Surriral of Mice Injected Intravenously wi~k Various 
Doses of Coryaebaaerium kutscheri 
Dose 
3.6 X  105 
5.1 X  10  5 
1.5 X  106 
5.7 X  llY 
NO. 
¢Iic~ 
36 
35 
32 
35 
20 
19 
20 
20 
Type 
Outbred 
Outbred 
Inbred 
Inbred 
Inbred 
Inbred 
inbred 
Inbred 
C' 
+ 
+ 
+ 
+ 
2 
% 
100 
100 
100 
92 
100 
58 
15 
0 
Survivors on day: 
% 
100 
89 
100 
83 
30 
5 
6  8  P 
%  7o  % 
61  44  0.016 
46  20 
94  94  0.020 
80  77 
5  0  0.001 
0  0 
0  0  0.115 
0  0 
One-sided Mann-Whitney tests were run on the four dose levels separately, resulting in 
Y significance levels as shown. A standard method of combining significance levels was used 
resulting in an over all significance level beyond the 0.0001 level. This was confirmed  by 
using Fisher's standard method of combining significance levels. 
In order to determine the cause of death, autopsies were performed on dead 
experimental mice and on the corresponding sacrificed saline-treated controls. 
Table III shows the distribution of C. kutscheri within normal mice and mice 
dying or dead following hydrocortisone treatment. At least one organ of most 
of the  hydrocortisone-treated mice  manifested easily culturable  C.  kutscheri. 
Such mice were assumed to have died of pseudotuberculosis. In the two hydro- 
cortisone-treated  mice  with  no  evidence  of  C.  kutscheri,  Pseudomonas  was 
demonstrable in one mouse, and a  coliform and Gram-positive bacillus in the 
other  mouse.  Hematoxylin  and  eosin-stalned  sections  of  tissues  containing 
pseudotubercular  abscesses  were  examined.  No  differences  in  the  histologic 
appearance of the lesions in the two strains were noted.  It was therefore con- 
cluded that  the presence  of  C' did not  noticeably retard  the  frequency with 
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Almost half the normal saline-treated mice had demonstrable C. kutschevL 
This  observation,  coupled  with  the  finding  that  hydrocortisone  activated 
corynebacterial  pseudotuberculosis  in  these  two  B10.D2  sublines,  demon- 
strated the normal latent state of this organism within the colony (13,  14). 
The distribution of other bacteria recovered from both normal and hydro- 
cortisone-treated mice was the same in both strains of mice. 
TABLE II 
Survival  of C~+  and  C'-  BIO.D2 Mice following  a  Single  Subcutaneous  Injection  of 
Hydrocortlsone or Saline on Day 0 
Da  7 post- 
injection 
6 
8 
10 
12 
15 
0.5 cc saline 
C'+  C'- 
*8/8  8/8 
8/8  8/8 
8/8  8/8 
8/8  8/8 
7/8  7/8 
10 mg hydrocortlsone  25 mg hydrocortisone 
C'+ 
* No. survlvom/No, treated. 
C'+  C'- 
31/32  19/20 
23/32  16/20 
21/32  13/20 
15/32  13/20 
13/32  10/20 
8/8 
4/8 
1/8 
o/8 
o/8 
r  Ce  - 
8/8 
7/8 
5/8 
3/8 
2/8 
TABLE HI 
Number of Mice with Microscopic or Cultural Evidence of Coryaebaaedura kutscheri in 
Organs Indicated 
Genotype at 
Hc locus 
Hcl/Hc  1 
Hcl/I-Ic  ° 
Hc°/Hc  ° 
Hcl/Hc  1 
H0/Hc  ° 
Hc°/Hc  ° 
C' type 
C'+ 
C'+ 
C t -- 
C'+ 
C'+ 
C t __ 
Treatment 
10 mg hydrocortisone 
I0 mg hydrocortisone 
10 mg hydrocortisone 
0.2 ml saline 
0.2 ml saline 
0.2 ml saline 
Infected/ 
total 
7/7 
5/5 
4/6 
4/7 
3/6 
2/9 
Kid-  Liver  ney 
5 
4 
3 
0 
0 
0 
Lung  Heart 
2 
I ° 
o 
Spleen 
Clearance  of C.  kutscheri and  Guinea  Pig Erytkrocytes.--Radioactively  lab- 
eled C. kutscheri were injected intravenously into C'-positive and C'-negative 
mice, in order to determine if the clearance of C. kutscheri would differ in mice 
according to C' types. The results shown in Table IV indicated no difference in 
the pattern of distribution of radioactivity in C'-positive and C'-negative mice. 
There was a marked deposition of label in the lungs of both types of mice. In 
three separate experiments, from 35 to 61% of the recovered radioactivity was 
retained by the lungs.  More than half the radioactivity of the injected chro- 694  MORSE COMPLEMENT 
mium-labeled C.  kutscheri was recovered in the extirpated organs of both C'- 
positive and C'-negative mice. 
The  distribution  of  the  chromium-labeled guinea  pig  red  blood  cells  was 
different from that of the chromium-labeled C. kutscheri. Most of the label was 
found in  the  liver.  No  difference  was  observed between  C'-positive and  C'- 
negative mice in the relative distribution of chromium-labeled guinea pig eryth- 
TABLE IV 
Different Sequestration Patterns in  Mice  of  Corynebacterium kutscheri  and  Guinea Pig 
Erythrocytes Labded with Radioactive Chromium 
No. of 
mice  C l  type 
C'+ 
C'- 
C'+ 
C'- 
Suspension injected* 
C. kutscheri 
C. kutsckeri 
Guinea pig eryth- 
rocytes 
Guinea  pig eryth- 
rocytes 
Distribution of recovered counts in: 
Liver 
% 
33 
41 
52 
35 
45 
52 
97 
94 
87 
69 
96 
97 
87 
97 
Lungs 
% 
61 
53 
43 
60 
44 
35 
N.D. 
1 
2 
N.D. 
N.D, 
<1 
2 
N.D. 
Spleen 
% 
3 
3 
4 
]~dneys 
% 
3 
3 
1 
1 
3 
7 
30 
1 
<1 
7 
1 
N.D., not done. 
* Suspension injected at 0 time via the lateral caudal vein. 
Distribution of radioactivity determined 20 to 30 rain after injection. 
rocytes within the organs studied.  The interesting  result  of these  data  is  the 
different patterns of sequestration of C. kutscheri and chromium-labeled guinea 
pig erythrocytes within the organs studied. 
Survival of BIO.D2 Inbred Mice Until Weaning.--The biologic effect of hemo- 
lytic mouse C' was further studied by an analysis of the breeding data collected 
in our laboratory during the last few years. As shown in Table V, more than 
5000 mice were surveyed. There was no significant difference between C'-posi- 
tive and C'negative mice in the mean litter size or in the male to female ratio 
of the progeny. There was, however, a  highly significant difference in the per LINDA  D.  CAREN  AND  L.  T.  ROSENBERG  695 
cent survival of newborn mice during the first 3 wk of life. The C~-negative old 
line mice and the C'-positive hybrid mice had a  statistieally significant higher 
rate of survival than did the new line mice, which are C'-positive. 
The hybrid progeny represented two different populations, those with C'- 
positive mothers, and those with C'-deficient mothers. Both types of mothers 
produced litters of the same average size, and the survival rates of the progeny 
of these two hybrid crosses were not significantly different. We therefore found 
no evidence that sensitization to the gene product, hc  1, to the detriment of the 
progeny had occurred. Such an effect would have had to be large in order to 
be detected in our study. 
TABLE V 
Reproductive Performance of C'd- and C'- Mice 
Total No. mice surveyed ..................... 
Mean litter size ............................. 
Male/female ratio of progeny ................. 
Survival until weaning, CTo ................... 
B10.D2 "new"  E[ybrid "new X  BI0.D2 "old" 
(c'+)  old" (c'+)  (c'-) 
2267 
5.36 
54.4/45.6 
57.5 
538 
5.43 
52.7/47.3 
66.2 
2293 
4.87 
53.5/46.5 
66.8 
The only differences which are significant (P  <  0.001)  are  those between  the per cent 
values expressing survival to weaning of "new line" as compared with "old line" and hybrid. 
DISCUSSION 
The biologic importance of C' may profitably be assessed by comparing an- 
hnals deficient in one C' component, to those possessing a  complete set of C' 
components which will lyse erythrocytes sensitized with antibody. It is im- 
portant to note that the lack of a  difference between these two types of ani- 
mals in any immunologic circumstance implies only that the single ml.qsing 
component is not essential in the particular situation. Not excluded by such 
experiments is the possibility that one or more of the C' components present 
in both types of animals are  participating in the immunologic phenomenon 
observed. 
With this reservation in mind, it may be noted that C'-deficient mice show 
normal rates of homograft rejection (11, 17). Clearance of Gram-negative bac- 
teria from the blood stream was shown to occur as well in C'-deficient as in 
Cr-containing mice, as tested with but a  single strain of enteric bacillus (18). 
Conversely, the Cr-deficient mice have a slightly impaired ability to manifest 
certain hypersensitivity reactions when rabbit  antibody is used  (19)  and  to 
neutralize T2 bacteriophage (20). 696  MOUSE  COMPLEMENT 
Although the possession of the complete set of serum proteins required for 
hemolysis did seem to exert a protective effect in resistance to infection with the 
common mouse pathogen, C. kutscheri,  the nature of the protection afforded by 
the presence of C p is not clear. Complement can facilitate the intracellular di- 
gestion of bacteria by phagocytes (1),  but  whether this process is operative 
under the present circumstances has not been determined. 
Of interest is the concomitant observation that treatment of mice harboring 
latent C.  kutscheri  with  10 mg hydrocortisone activated  the  corynebacterial 
pseudotuberculosis  in  C'-positive  and  C~-deficient  mice  with  approximately 
equal frequency. This relatively massive  dose of hydrocortisone in mice can 
induce many physiologic changes, including lymphopenia (15). Three proper- 
ties of hydrocortisone which may have been especially important in the activa- 
tion of pseudotuberculosis are its antiinflammatory action, its inhibitory action 
on the phagocytic and bactericidal capacities of leukocytes, and its recently 
demonstrated ability to depress C' levels in vivo (21-24). Autopsy and cultural 
data indicated that the presence or absence of C ~  did not influence the extent of 
invasion of organs by C. kutscheri. 
The observation that  35  to 61%  of the intravenously injected chromium- 
labeled C. kutscheri was sequestered in the lungs of mice has no counterpart in 
other clearance studies made in mice using human or bovine serum albumin 
(25, 26), pigeon or rat red blood cells (27,  18),  Salmonella typhimurium  (29), 
Salmonella enteritidis (30), Escherichia coli (31-33), Staphylococcus  aureus (31- 
33), or allogeneic lymph node cells (34); in these studies the lungs were rela- 
tively unimportant  clearance organs  compared to  the  liver and  spleen.  The 
relatively high degree of pulmonary uptake of C. kutscheri in the present experi- 
ments could account for the lung lesions which are a prominent feature of the 
natural and experimentally induced pseudotuberculosis caused by C. kutscheri. 
The measurement of the clearance of guinea pig red blood cells by the mouse 
reticuloendothelial system was  complicated by the  presence of natural  anti- 
bodies directed against guinea pig erythrocytes which led to intravascular he- 
molysis in Ct-positive mice. For this reason, less radioactivity was recovered in 
the organs of C'-positive animals than in the organs of Cr-negative mice. 
The breeding data demonstrated that  the  C'-deficient "old line" mice are 
significantly more vigorous for the first 3 wk of life than are the C'-positive 
"new line" mice. The CP-positive  hybrid mice survived to weaning as well as 
did the C~-negative parent. The selection of fertile breeding pairs for production 
purposes introduces a factor in such experiments which is difficult to measure. 
There are two explanations one may propose for these observations. The less 
likely possibility is that while half a dose is harmless or even beneficial, a double 
dose, as occurs in the homozygous C'-positive mouse represents too much of a 
good thing, at least for baby mice. Perhaps a more reasonable idea is that other 
unknown genetic factors which doubtless separate  the  two sublines,  old and 
new, make the B10.D2 old line, as well as the hybrid, a little hardier. HNDA D.  CAREN A~  L.  T.  ROSENBERG  697 
In summary, recognition that the lack of hemolytic C p occurs frequently in 
laboratory-maintained mice  suggests  that  this  particular  quality may have 
some balanced survival value. Under some conditions (viz., challenge with C. 
kutscheri)  the presence of C p  might be advantageous. Under other circumstances, 
the lack of C ~ might have a survival advantage. More direct evidence concern- 
ing the role complement may play in protection against mortal infection de- 
pends upon further understanding of the chemical processes mediated by com- 
plement. 
SUMMARY 
In mice, the presence or absence of a single  complement  (C  r) component, 
called  hc  I, is  controlled  by two alleles  at the Hc locus.  The sera  of mice which 
lack  this  C'  component do not manifest C~-mediated immune hemolysis. When 
challenged with the common mouse pathogen, Corynebacterium  kutscheri,  mice 
possessing  hemolytic C  p  fare  slightly  better  than C~-deficient  mice.  When mice 
harboring latent  C. ku~cheri  are administered hydrocortisone,  which depresses 
mouse serum C  ~  levels,  pseudotuberculosis  is  activated  with equal frequency in 
mice of  both C  ~  types.  These data suggest  that  in  at  least  one situation  the  pres- 
ence of the complete hemolytic C  t  system may be advantageous to the mouse. 
In contrast,  evidence is presented which shows that under normal laboratory 
conditions,  CP-dcficient  BI0.D2 "old line"  mice (Hc°/Hc  °) have a survival  ad- 
vantage over C'-positive  BI0.D2 "new line"  mice (Hcl/l-Ic  I) during the first  3 
wk of life.  It is therefore  concluded that mouse hemolytic C' has a balanced 
survival value--that is, under one set of conditions  it may be advantageous, 
whereas in another situation,  it  may bc disadvantageous. 
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